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ABSTRACT
The primary purpose of this study was to determine the effects of 
relative humidity on ratings of perceived exertion of college males. A 
secondary purpose of the study was to compare the effects of exercise 
under different levels of humidity on heart rate increases.
Twenty-four male volunteers ranging in age from nineteen to twenty- 
nine years served as subjects for the study. All subjects were enrolled 
at Louisiana State University, Baton Rouge, Louisiana, during the Summer 
Semester of 1977. The Modified Ohio State Step Test was utilized to 
screen subjects as to level of cardiovascular fitness. Those subjects 
whose pulse rate reached 150 beats per minute before the sixth inning 
of the step test were excluded from the investigation.
All subjects were tested for perceived exertion using the Borg 
Scale (RPE) at a temperature of 25°C under three relative humidity con­
ditions: 40-50, 65-75, and 90-100 percent. A counter balanced order
of testing was established. The subjects pedalled a bicycle ergometer 
at the rate of 50 revolutions per minute for five minutes. An initial 
work load of 150 kpm/minute was set for the first minute. The work 
load was increased by 300 kpm/minute for each one minute thereafter 
until a 1350 kpm/minute work level was reached. Fifteen seconds before 
the end of each minute of the work bout the subject indicated his rating 
of perceived exertion. Also at this time the investigator recorded 
heart rate. Heart rate was monitored by means of a Digital Electronic 
Heart Pulse Monitor.
Data collected in this study were analyzed by two separate split- 
split-plot analyses of variance. The first analysis of data utilized 
ratings of perceived exertion while the second analysis utilized heart 
rate scores. This design allowed examination of the effects of relative 
humidity, group (order of testing), work load and all possible combi­
nations of these factors on the data collected.
Based on the findings of this study, the following conclusions 
were made:
1. Increased relative humidity apparently does not influence the 
subjective ratings of exertion of college male subjects when exercising 
at comfortable temperature settings,
2. Increases in subjective ratings of exertion correspond with 
increases in heart rate as work load increases.
3. High relative humidity produces a disproportionately greater 




"it’s not the heat but the humidity" is an often expressed opinion 
about the thermal environment. In spite of the generality of this feel­
ing, little is actually known about the effect of relative humidity on 
physical performance.'*' Relative humidity is defined as that ratio of 
water vapor in the atmosphere to the amount of water vapor required to 
saturate the atmosphere at the same temperature.
The human body is constantly confronted with threats to its homeo­
stasis; these threats come both from within the body and from the en­
vironment. One of the most acute stresses arising from within the body 
is that imposed by exercise. On the other hand, the most common outside 
stress is probably the environment, e.g. relative humidity, dry-bulb 
temperature, mean radiant temperature and air movement. Both the exer­
cise and environmental stresses, impose strains on two important physi­
ological parameters, temperature regulation, and cardiovascular 
functions.^
Buskirk and Bass^ explained that when exercise is combined with
-*-F. H. Rohles, Jr., "Humidity, Human Factors on the Energy 
Shortage," ASHRAE Transactions, 81, Part 1 (1975), pp. 716-718.
^Donald K. Mathews and Edward L. Fox, The Physiological Basis of 
Physical Education and Athletics, (Philadelphia: W. B, Saunders Company,
1976), p. 553.
^E. Buskirk and D. Bass, "Climate and Exercise," Science and Medicine 
of Exercise and Sports, ed. W. Johnson (New York: Harper and Brothers
Publishers, 1960), p. 311.
*Ibid.
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environmental stress, the interactions on the body have important impli­
cations, particularly to athletics. This arises from the fact that 
exercise, in addition to imposing an internal heat stress on the body, 
also demands a larger blood flow to the working muscles. As a result, 
even light work in a hot-humid environment places a large burden on the 
cardiovascular system to maintain an adequate blood supply simultaneousl 
to the dilated skin blood vessels, the working muscles, and the brain.
In general, for man to remain healthy his body temperature must re­
main fairly stable. This means that the rate man generates heat must be 
nearly equal to the rate at which he loses it. The body loses heat in 
four ways: (1) convection, (2) conduction, (3) radiation, and (4) 
evaporation.^ Evaporation is the major avenue of heat loss most closely 
associated with relative humidity. Of particular importance is that the 
greatest portion of heat loss during exercise is through evaporation of 
sweat from the surface of the skin. If the sweat cannot evaporate and 
merely falls from the body, no cooling can take place.
When the vapor pressure of the environment is close to that of the 
skin, evaporative heat loss is drastically curtailed. It has been sug­
gested that wet-bulb temperatures over 70 degrees Fahrenheit should be 
viewed as close to the tolerance limit for competitive athletic events 
involving severe work.^
Although research has indicated that exercise and climate influence 
temperature regulation and cardiovascular functions, much of this re­
search has concentrated on human response at high ambient temperatures.
^Mathews and Fox, op. cit., p. 366. 
^Buskirk and Bass, op. cit., p. 332.
Few studies have attempted to quantify the physiological strain incurred 
during raised humidity at neutral ambient temperatures.
In addition to the physiological effects one must consider the 
psychological reactions to the stress of exercise in humid conditions. 
How does the interaction of environment and exercise influence the per­
ception of effort? Perceived exertion has been defined as man's sub-
yjective estimate of the exertional cost of the work he is performing. 
There is a substantial body of literature which suggests that an indi­
vidual's perception of work cost may be an excellent means of assessing
Odemands of vigorous activity. Borg and Noble have stated that percep­
tual cues serve as the primary information source in physical per­
formance. These cues enable individuals to regulate work intensity at 
a pace compatible with the requirements of the activity. Thus, indivi­
duals engaged in exercise and sport receive "feedback" cues in the form 
of both general feelings of exertion and fatigue and also specific 
sensations, such as aches and pains in the working muscles and joints, 
heart rate, shortness of breath, and body temperature. The overall 
perception of exertion may be regarded as a configuration of many sen­
sations and feelings related to the work requirement. Borg^ has de­
veloped a scaling method which enables the exercising subject to rate 
the degree of perceived exertion.
^William P. Morgan, "Perceived Exertion Symposium," Medicine and 
Science in Sports, 5 (Summer, 1973), p. 89.
®Gunnar A. V. Borg and Bruce J. Noble, "Perceived Exertion," 
Exercise and Sport Sciences Reviews, ed. Jack H. Wilmore, Vol. 2 (New
York: Academic Press, 1974), pp. 131-132.
^Gunnar A. V. Borg, "Perceived Exertion: A Note on 'History' and
Methods," Medicine and Science in Sports, 5 (Summer, 1973), pp. 90-93.
Since perceived exertion appears to represent a configuration of 
isolated physiological and psychological factors, it seems that ratings 
of perceived exertion should be equal or superior to any single physio­
logical variable (e.g. heart rate) in predicting work capacity. An 
investigation of the effect of different levels of relative humidity 
on perceived exertion should yield additional information concerning 
work performance in a humid environment.
PURPOSE OF THE STUDY
The primary purpose of this study was to determine the effects of
relative humidity on ratings of perceived exertion of male college sub­
jects while exercising on a bicycle ergometer.
A sub-purpose was to determine the effects of relative humidity 
on exercise heart rate of male college subjects.
HYPOTHESES
The hypotheses tested in this investigation included:
1. A significant difference would be found between perceived
exertion performing the same work loads under different relative
humidities. College male subjects would have significantly higher 
ratings of perceived exertion at 90-100 percent relative humidity than 
at 65-75 percent and 40-50 percent relative humidity. Moreover, ratings 
of perceived exertion would be significantly greater at 65-75 percent 
relative humidity than at 40-50 percent relative humidity.
2. The heart rates during exercise would increase linearly with 
increased humidity levels.
5
DELIMITATIONS OF THE STUDY
The study was delimited as follows:
1. Twenty-four male students enrolled in various service courses 
at Louisiana State University, Baton Rouge, Louisiana, during the Summer 
Session, 1977 were selected as subjects.
2. Varsity athletes or extremely thin or obese volunteers were 
excluded from the study in order to have the subjects as physically 
homogeneous as possible.
3. The study was limited to comparisons of only three relative 
humidities: 40-50, 65-75 and 90-100 percent.
4. The method of measuring perceived exertion employed a rating 
scale and was limited to performances during five-minute work bouts on 
a bicycle ergometer.
LIMITATIONS OF THE STUDY
This study was limited by the following aspects:
1. Participants in this study were asked not to engage in strenous 
physical activity, eat, smoke, or drink beverages for at least two hours 
prior to testing. Nevertheless, there was no way to insure that sub­
jects adhered to the instructions.
2. There was no attempt to rigidly control the motivation of the 
subjects which may have affected performance.
3. It was recognized that perceived exertion has been generally 
found to be higher while riding a bicycle ergometer than in running or 
bench stepping.
DEFINITION OF TERMS
Ratings of Perceived Exertion (RPE). The term was defined as man's
subjective estimate of the exertional cost of the work he is perform- 
10m g .
Relative Humidity. Relative humidity was defined as that ratio of 
water vapor in the atmosphere to the amount of water vapor required to 
saturate the atmosphere at the same temperature.
^Morgan, loc. cit.
■^Mathews and Fox, loc. cit.
CHAPTER 2
REVIEW OF LITERATURE
The review of literature has been organized as follows: (1) stud­
ies related to perceived exertion; and (2) general literature related 
to the effect of relative humidity on physiological and subjective 
responses of human subjects.
STUDIES RELATED TO PERCEIVED EXERTION
Borg-*- reported the results of two experiments comparing four dif­
ferent rating methods. Two methods involved the original Borg Scale, 
and a variation, one graded from 1 to 21 and the other from 6 to 20.
The third method utilized a line scale while the fourth scale was 
graded from 1 to 9. Ratings of perceived exertion according to the 
four methods were collected together with heart rates during two kinds 
of work tests. In the first test, the subject pedalled a bicycle 
ergometer at a single work load of 1400 kpm/min. In the second experi­
ment the subjects went through a bicycle ergometer test with step-wise 
increases of the work load beginning with 600 kpm/min with an increase 
of 300 kpm/min every sixth minute. The findings of the two experi­
ments indicated that good correlations between heart rates and 
ratings of perceived exertion are obtained independently of which scale 
is used. Since the Borg (6 to 20) Scale is the simplest and most
-*-Borg, Gunnar A. V., "Perceived Exertion: A Note on 'History' and
Methods," Medicine and Science and Sports, 5 (Summer, 1973), pp. 90-92.
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often used and gives values that grow linearly with work load and heart
rate, Borg proposed the use of the 6 to 20 Scale in most cases.
oSkinner and others investigated the validity and reliability of 
Borg's (6-20) Rating Scale of perceived exertion (RPE). Eight lean and 
eight obese males performed two trials on each of the following protocols 
on a Monark bicycle ergometer: (a) one with progressively increasing
work loads to self-imposed maximum, and (b) one in which the work loads 
were randomly assigned. Reliability coefficients for between trials were 
sufficiently high to produce consistent results for both procedures.
There were no significant differences in any of the physiological and
perceptual variables between the two types of test protocols. Therefore, 
the authors suggested using the progressive test since it is less time 
consuming.
OArstilla and others-3 studied the linearity and reproducibility of 
the perceived exertion rating of Borg's modified scale (6-20) and also 
compared the Borg modified scale with the author's modification of the 
original scale. With the aid of a feed-back system linear accelerations 
of heart rate of 4, 5, or 8 bouts per minute were obtained for a bike 
ergometer test on thirty healthy policemen. The modified Borg scale 
and the author's modification (1 - extremely light, 20 - exceedingly 
laborious) were both found to give highly linear, repeatable and mutually
^James S. Skinner and others, "The Validity and Reliability of a 
Rating Scale of Perceived Exertion," Medicine and Science in Sports,
5 (Summer, 1973), pp. 94-96.
OM. Arstilla and others, "Comparison of Two Rating Scales in the 
Estimation of Perceived Exertion in a Pulse-Conducted Exercise Test," 
Ergonomics, 17, No. 5 (1974), pp. 577-584.
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comparable results. The authors concluded that the Borg scale gave the 
best performance in many respects and therefore is the most preferable.
Morgan, Borg and Purvis^ reported a study with the following objec­
tives: (1) compare the effectiveness of ratings of perceived exertion
and heart rate obtained during sub-maximal work in predicting maximal 
work capacity; (2) compare perceptual and cardiac models for males and 
females, as well as for bicycle and treadmill tasks; and (3) evaluate
the influence of repeated measures (3 trials) on ratings of perceived
exertion, heart rate and maximal work capacity (MWC). Heart rate (HR) 
and RPE were obtained for thirty adult males and thirty adult females 
through progressive tests designed to measure maximal work capacity.
The findings were:
1. In general, RPE, heart rate and maximal work capacity did 
not change appreciably across trials, and therefore, it was concluded 
that one trial was sufficient in predicting or measuring MWC.
2. HR and RPE models were more accurate for females than males.
3. Perceptual ratings of work intensity tend to be somewhat better
predictors of MWC than sub-maximal measures of heart rate.
A study was conducted by Pandolf and others'* to analyze the extent 
that heart rate determines the rating of perceived exertion. Ten male 
subjects were exposed to a design which used heat to manipulate heart 
rate. Five treatments involving various work loads in neutral and hot-
^William P. Morgan, Gunnar A. Borg, and J. Purvis, "Prediction of 
Maximal Work Capacity From Sub-Maximal Ratings of Perceived Exertion and 
Heart Rate," Medicine and Science in Sports, 6 (Spring, 1974), p. 66.
“*Kent B. Pandolf and others, "Perceptual Responses During Prolonged 
Work," Medicine and Science in Sports, 4 (Spring, 1972), p. 62.
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dry environments were used to produce unequal heart rates for equal work 
loads and equal heart rates for unequal work loads.
Under the influence of heat, heart rate did not appear to be the
physiological stimulus for ratings of perceived exertion. Ratings of 
perceived exertion followed alterations in work load when an increment 
of more than 200-300 kpm/minute was used. The investigators concluded 
that perceived exertion does not seem to be a function of a single phy­
siological parameter such as heart rate but. seems to involve a complex 
and yet unresolved integration of several parameters.
In a similar study Noble and others^ attempted to identify some of 
the physiological parameters which accounted for the greatest variability 
in perceived exertion responses during 30 minutes of bicycle ergometer 
exercise. Six male subjects between the ages of 18 and 22 years per­
formed five trials under either a neutral condition (24°C) or hot tem­
peratures (44°C and 54°C). The findings indicated that perceived exertion
responses to heat evidenced a slight decline with increasing heat but the
differences were not significant. With the exception of high heart rate 
and skin temperature the physiological variables remained unchanged with 
increasing heat. Rectal and skin temperature increases appeared sooner 
and accounted for more variance in ratings of perceived exertion in the 
heat than in the neutral environment. Ventilation was the factor which 
accounted for the most variance in ratings of perceived exertion at 5 
and 15 minutes and respiratory rate made the greatest contribution at 
30 minutes in both temperature conditions. The authors hypothesized 
that man does not directly attend to physiological processes, per se, as 
a basis for perceived exertion ratings but does attend to the externali-
^Bruce J. Noble and others, "Perceptual Responses to Exercise: A
Multiple Regression Study," Medicine and Science in Sports, 5 (Summer, 
1973) , pp. 104-109. " ~~
11
zation of these processes which can be directly perceived.
Skinner and others? compared the perceived exertion of lean and 
obese subjects when body weight was supported (cycling) or transported 
(walking). The effect of excess weight on perception of effort was also 
reported. Since there is a high relationship between heart rate and 
ratings of perceived exertion, the authors studied the effect of ele­
vation of heart rate due to warm environment on the perception of work. 
The findings were:
...No significant differences in RPE versus oxygen intake 
were observed on the treadmill. Lean subjects reported higher 
RPE's on the bicycle than did obese objects. All subjects 
rated the bicycle to be harder than the treadmill at the same 
oxygen intake. Excess weight did not affect RPE versus oxygen 
intake in lean subjects. Obese subjects were not affected by 
the 32 degree centigrade environment, while lean subjects 
rated higher at the same oxygen intake. RPE versus heart 
rate was unchanged under all conditions. Although there 
were differences between lean and obese subjects when RPE was 
related to absolute values of ventilation and oxygen intake, 
relative to maximal values there was no difference. Since 
the maximal heart rate was similar, there was no difference 
in RPE versus heart rate on an absolute or relative basis.
It was concluded that in an age homogeneous group, where maximal 
heart rate is similar but there may be wide variations in maximal 
working capacity, heart rate appeared to be a good indicator of the 
relative work load.
Stanford and Noble® reported the extent to which factors other than 
metabolic cost may influence ratings of perceived exertion. Ten highly 
fit male subjects performed continuous and intermittent constant power 
output bicycle ergometer work at various pedalling rates. Metabolic
^James S. Skinner and others, "Perception of Effort During Different 
Types of Exercise and Under Different Environmental Conditions," Medicine 
and Science in Sports, 5 (Summer, 1973), pp. 110-115.
^Bryant A. Stanford and Bruce J. Noble, "Metabolic Cost and Percep­
tion of Effort During Bicycle Ergometer Work Performance," Medicine and 
Science in Sports, 6 (Winter, 1974), pp. 226-231.
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cost (with respect to heart rate, oxygen uptake, ventilation, lactate 
debt and oxygen debt) was held relatively constant among pedalling rates, 
but was significantly elevated for continuous versus intermittent work.
A pedalling rate of 60 rpm was perceived as less stressful than 40 rpm 
and 80 rpm for bicycle ergometer work eliciting an equivalent metabolic 
cost. Continuous work performed at 60 rpm was not perceived to be 
significantly more stressful than intermittent work performed at 40 and 
80 rpm in spite of the elevated metabolic cost of continuous work. It 
was suggested that factors other than the metabolic cost of a given 
work task may strongly influence perceptual ratings. The authors sur­
mised that feedback arising from exercising limbs may provide such in­
fluence .
QMichael and Hackett attempted to ascertain what cues subjects 
used to estimate an intensity of exercise lasting 15 minutes. Ten 
female subjects ran on a treadmill at a speed selected previously to 
tire them in 15 minutes. They later were asked to try to repeat the 
same effort on a bicycle. The authors felt that by having the subjects 
run for 15 minutes at their own selected work load, they could have 
them try to repeat the same exercise intensity on a bicycle and see 
whether the subjects could select a similar work effort, and if so, 
what gave them the cues for the selection. The findings of the study 
indicated that all physiological measurements were lower on the bicycle 
than the treadmill during the selected work effort. Oxygen debt was 
said to be unrelated to physiological strain since it was double on the
^Ernest Michael and Penny Hackett, "Physiological Variables Related 
to the Selection of Work Effort on a Treadmill and Bicycle," Research 
Quarterly, 43 (May, 1972), pp. 216-225.
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treadmill to that which resulted from the bicycle.
In a similar study Michael and others'*"^ determined if subjects 
selected work levels related to some internal mechanism that informed 
them of their capability. Male and female subjects were asked to select 
work loads on a treadmill and on a bicycle that would exhaust them if 
they carried out the exercise for 15 minutes. Several physiological 
variables were measured to see if there were any common cues to the 
work effort selected. The most consistent cue, regardless of sex or 
type of exercise, was a heart rate level of between 165 and 180. All 
subjects selected work efforts that were similar with respect to physi­
ological variables when the bicycle and treadmill exercises were com­
pared. Cues used by the subjects appeared to be some internal mechanism 
related to muscular stress or anaerobic metabolism.
Morgan"^ conducted a series of experiments involving the interaction 
of perceived exertion, selected psychological states and traits, and 
metabolic responsivity to bicycle ergometry. Morgan suggests that:
Perceived exertion is apparently not influenced by factors 
such as maximal aerobic power, activity history, body composi­
tion and training. It seems reasonable to explain some of the 
variance in terms of factors of a psychometric nature.
The findings of Morgan's study were:
1. The subject's subjective estimate of work intensity was governed
to a large extent by the actual work being performed which in turn was
directly related to the metabolic cost of the work being performed.
^Ernest Michael and others, "Selection of a Fifteen Minute Work 
Load on a Treadmill and Bicycle," Research Quarterly, 43 (December,
1972), pp. 451-459.
■^William P. Morgan, "Psychological Factors Influencing Perceived 
Exertion," Medicine and Science in Sports, 5 (Summer, 1973), pp. 97-103.
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2. Healthy adult males were consistently, capable of discerning 
the differences between work loads varying by 150 kpm or greater by 
means of Borg's psychophysical scale.
3. Subjects who were neurotic, anxious or depressed appeared to 
have difficulty in their perceptual processing of work intensity.
4. Extroverts tend to underrate work intensity at heavier loads.
5. Various psychological states and traits, seemed to play a role 
in the perceptual processing of information relating to muscular x^ork. 
Morgan concluded that a psychobiologic approach to perceived exertion
was the most effective.
12Noble and others investigated perceptual and metabolic responses
to walking and running at similar velocities. The authors hypothesized
that perceptions of exertion while running would be greater than for
walking at velocities lower than approximately four mph. The reverse
was hypothesized at velocities higher than approximately four mph.
Heart rates while walking were found to be less than for running at
velocities less than four mph. Perceived exertion displayed a similar
pattern, except that the walking and running curves intersected at a
lower velocity. The authors proposed that local muscular discomfort
encountered at higher walking velocities was responsible for the
earlier perceptual intersection.
13Horstman and others compared the ratings of perceived exertion, 
and selected physiological measures, while walking and running at the
12Bruce J. Noble and others, "Perceived Exertion During Walking and 
Running— II," Medicine and Science in Sports, 5 (Summer, 1973), pp. 116- 
120.
■^D. H. Horstman and others, "Perception of Exertion During Exer­
cise of Different Modes," Medicine and Science in Sports, 7 (Spring, 
1975), p. 81.
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same relative intensity (eighty percent maximum oxygen intake). The 
findings were:
1. Time to exhaustion did not differ between walking and running.
2. Ventilation during walking was significantly lower than during 
running.
3. Ratings of perceived exertion were identical for both conditions.
It was concluded that walking and running at the same relative in­
tensity resulted in comparable physiological and perceptual responses; 
the exception being that ventilation parameters were lower during 
walking.
14Robertson, McCarthy and Gillespie assessed the contribution of 
regional ratings of perceived exertion to overall perceived exertion. 
Twenty male subjects underwent three separate six minute cycle ergo- 
meter tests. Power output was held constant for each test while pedal­
ling rate was randomly set at either 40, 60 or 80 rpm. Ratings of per­
ceived exertion were assessed independently for the legs, chest and 
overall body using a nine point (1-9) category scale. Statistical 
analysis revealed that physiological responses were similar for all 
pedalling rates. Overall body perceived exertion approximated an 
average of the regional ratings (legs and chest) at all pedalling rates 
but was less sensitive to the dominant regional (legs RPE) at 40 and 60 
rpm than at 80 rpm.
■^Robert J. Robertson, J. McCarthy and R. Gillespie, "The Contri­
bution of Regional to Overall Perceived Exertion During Cycle Ergometer 
Exercise," Medicine and Science in Sports, 8 (Spring, 1976), p. 64.
16
Cafarelli, Cain and Stevens'*'"’ examined the perceived effort of 
cycling with one and two limbs. Ten male subjects performed a number 
of bouts in each of four exercise modes: cycling with two legs, cycling
with one leg, cranking with two arms and cranking with one arm. Each 
bout consisted of one of various combinations of work load and duration. 
Magnitude estimates of effort increased as a negatively accelerated 
power function of duration and a positively accelerated function of 
load. Effort of cycling was less than that of cranking, particularly at 
high loads, and grew more slowly over time. Similarly, effort of two- 
limb exercise was lower than that of one-limb exercise and grew more 
slowly over time. It was concluded that local sensations from the 
working limbs accounted for most of the feelings of effort in all 
tasks.
Pandolf and Noble"*"^ investigated the ratings of perceived exertion 
associated with various pedalling speeds at equivalent power outputs.
A secondary purpose was to evaluate the relationship of factors re­
sponsible for an individual's subjective estimate of exertion while 
cycling as influenced by pedalling speed. RPE responses at equivalent 
power outputs were generally negatively related to pedalling speed. 
Although in some instances ratings of perceived exertion has been found 
to correlate highly with metabolic responses during physical work,
-^Enzo Cafarelli, William S. Cain and Joseph C. Stevens, "Effect 
of Dynamic Exercise: Influence of Load, Duration and Task," (New Haven,
Conn. : John B. Pierce Foundation Laboratory and Yale School of Medi­
cine, 1976). (Mimeographed.)
■^Kent B. Pandolf and Bruce J. Noble, "The Effort of Pedalling 
Speed and Resistance Changes on Perceived Exertion for Equivalent Power 
Outputs on the Bicycle Ergometer," Medicine and Science in Sports, 5 
(Summer, 1973), pp. 132-136.
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Pandolf and Noble hypothesized that local sensations particular to the 
working muscles, joints and/or tendons were important factors in the 
RPE differences observed at the various pedalling speeds.
The authors suggested that since much of the physical work capacity 
testing is conducted on bike ergometers, testing possibly should be con­
ducted at power outputs adjusted between 60 and 80 revolutions per 
minute. These higher pedalling speeds may enable one to better evaluate 
an individual’s cardio-respiratory fitness as a limiting factor to per­
formance rather than localized muscular strength. The study indicated 
the use of subjective perceptions of exertion as an additional tool in
work capacity testing and evaluation.
17Soule and Goldman studied the relationship between (a) self­
pacing walking speei, (b) the corresponding physiological exertion, as 
reflected by heart rate, and (c) the subjective perception of work 
level as indicated by the perceived exertion rating during a thirty- 
one hour period of continuous wakefulness with intermittant one hour 
work sessions. The authors worked under the hypothesis that if with 
continuous work without sleep the perceived level of difficulty in­
creases, one might expect voluntary hard work to be paced at a lower 
energy cost level. Soule and Goldman concluded that man will continue 
to voluntarily work at a pace that will result in a predictable hard 
work level even when forced to stay awake for thirty-one hours. However, 
he will perceive his exertion as increasing over time and as greater 
than his actual physiological costs indicate.
Roger G. Soule and R. F. Goldman, "Pacing of Intermittant Work 
During 31 Hours," Medicine and Science in Sports, 5 (Summer, 19 73), pp. 
128-131.
18Frankenhaeuser and others measured the catecholamine output in­
duced by different physical work loads and related these measures to 
ratings of the subjective effort experienced during the work periods.
Ten male subjects were studied in a control condition and in three ex­
perimental sessions in each of which five successive six minute tests 
of varying work loads were performed on a bicycle ergometer. Catecho­
lamine excretion (adrenaline and noradrenaline) rates remained close to 
control levels at the lower work loads, while the highest load induced 
a significant increase in both adrenaline and noradrenaline output.
Heart rate, systolic pressure, and subjective effect increased consis­
tently with increasing work load. The main finding of the study indi­
cated that an increase in adrenal-medullary secretion occurred during 
muscular work when the work grew so heavy that feelings of emotional
stress and unpleasantness were evoked.
19Borg and Linderholm reported the relationship between pulse rate, 
work intensity and the subject’s perception of exertion. Two groups 
of subjects of varying ages performed a bike ergometer work test until 
exhausted. One group was homogenous with regard to physical activity 
while in the second group physical activity varied. In general, with 
increasing age the work resulting in a given pulse frequently was rated 
to be more laborious. In the group with homogenous physical activity 
the pulse rate at the same work intensity decreased with increasing
■^Marianne Frankenhaeuser and others, "Physiological and Subjective 
Reactions to Different Physical Work Loads," Perceptual and Motor Skills 
28 (1969), pp. 343-349.
19Gunnar A. V. Borg and H. Linderholm, "Perceived Exertion and Puls 
Rate During Graded Exercise in Various Age Groups," Acta Medica Scandi­
navia, 472 (March, 1967), pp. 194-206.
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age, while the rating value was approximately constant. In the group in 
which physical activity varied the pulse rate of the same work intensity
was quite constant, while the rating value increased with increasing age.
20Harvey conducted a study to determine if there was a significant 
difference in perceived exertion of black subjects versus white subjects. 
Twenty white and black male college students were tested on a bicycle 
ergometer for perceived exertion under conditions of endurance and short 
explosive efforts. The endurance condition consisted of pedalling at 
work loads of 300, 600, 900, 1200 and 1500 kgm/minute. Subjects pedalled 
at the rate of 150 revolutions per minute at a work load of 900 kgm/minute 
throughout the explosive effort. Among the findings of the study were 
that the subjective ratings of exertion of black subjects in prolonged 
endurance and short explosive performances did not differ from the per­
ception of effort of white subjects.
21Patton and others compared the ratings of perceived exertion and 
heart rate between active and less active groups as determined by maxi­
mum oxygen uptake. Ratings of perceived exertion, heart rate, oxygen 
uptake and ventilation were measured at the end of each minute of a six 
minute run at an absolute work load of six miles per hour on a treadmill. 
Heart rate and ratings of perceived exertion increased linearly with 
time in both groups. Mean heart rate was significantly lower at the end 
of each minute in the active group compared to the less active group. No
^ J a m e s  R. Harvey, "Perceived Exertion in Aerobic and Anaerobic Per­
formance of Black and White College Males (unpublished Doctoral disser­
tation, Louisiana State University, 1976).
o iJ. F. Patton and others, "Perceived Exertion of Absolute Work in 
Active and Less Active Subjects," Medicine and Science in Sports, 7 
(Spring, 1975), p. 81.
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difference in ratings of perceived exertion occurred between the two 
groups at any time during the run. It was concluded that the percep­
tion of the intensity of an absolute work load is not reflected by dif­
ferences in fitness due to training as demonstrated by maximum oxygen 
uptake and submaximal heart rate.
22Pandolf, Winsmann and Goldman evaluated the use of leg weights 
for physical conditioning of less fit older individuals. Thirteen men, 
ranging in age from 33 to 45, underwent a training program which con­
sisted of wearing ankle weights for a 21 day period. Pre-and post­
training evaluation consisted of heart rate and oxygen uptake responses 
to five submaximal work loads. Ratings of perceived exertion at each 
work load were elicited; including "local" (working muscles), "central" 
(ventilatory and circulatory), and "overall." The only significant 
training effect was a decrease in submaximal heart rate from pre­
training values for all five work loads. All post-training ratings of 
perceived exertion for walking decreased from pre-training values, ex­
cept at four Km/hour without ankle loading. For cycling, only the 
"local" ratings of perceived exertion was lower after training. Mild 
training thus appears to decrease ratings of perceived exertion but only
if the work reaches sufficient intensity.
23Cafarelli and others investigated the importance of ventilation 
on ratings of perceived exertion during running and cycling. Ten fit
9 9Kent B. Pandolf, F. R. Winsmann and R. F. Goldman, "Perceived 
Exertion During Conditioning of Less Fit Older Individuals by Use of 
Leg Weight Loading," Medicine and Science in Sports, 6 (Spring, 1974),
p. 66.
23e. Cafarelli and others, "The Effects of Inspired CO2 on Perceived 
Exertion," Medicine and Science in Sports, 7 (Spring, 1975), p. 81.
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male subjects performed different exercise tasks at various intensi­
ties in three experimental conditions: breathing air, and 1.75 percent
or 3.50 percent carbon dioxide in air. Higher ratings of perceived ex­
ertion accompanied higher ventilation but the differences were not sig­
nificant. The results suggested that ventilation was not important in 
the selection of RPE at the low exercise intensities x^here all cues 
probably come from the working muscles. This was supported by higher 
RPE for cycling than running at the same oxygen uptake. The authors 
also suggested at higher intensities the greater difference in RPE 
between conditions indicated that ventilation becomes more important 
at the upper reaches of aerobic power.
0 /In a similar study, Allen and Pandolf reported the effect of an 
enriched inspired oxygen concentration on the perceived exertion while 
running at two submaximal treadmill loads. Twelve male subjects worked 
at loads of 50 and 80 percent maximum oxygen intake, breathing either 
air or eighty percent oxygen and twenty percent nitrogen with the sub­
jects uninformed as to which one. Oxygen concentration did not have a 
statistically significant effect on heart rate, ventilation, respiration 
rate, or tidal volume at either load during exercise or recovering At 
both loads, ratings of perceived exertion and blood lactate were signifi­
cantly reduced when breathing the hyperoxic mixture. The results indi­
cated that during moderate and heavy work, ratings of perceived exertion 
were significantly affected by the inspired oxygen concentration and
^ P a u l  D. Allen and Kent B. Pandolf, "Rated Perceived Exertion 
Associated with Breathing Hyperoxic Mixtures During Submaximal Work," 
Medicine and Science in Sports, 8 (Spring, 1976), p. 64.
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that there was a significant relationship between ratings of perceived
exertion and blood lactate.
25Robertson and others conducted a study to determine if augmenters 
consistently assigned higher ratings of perceived exertion to a given 
level of work than reducers. The investigators described the perceptual 
characteristic of augmenting or reducing sensory input within the 
psychological framework which the intensity of a sensation is consistent­
ly enlarged or diminished. Twelve male subjects having similar maximal 
aerobic power were divided into two equal groups based on their augmen- 
ter and reducer characteristics. Ratings of perceived exertion were 
found to be significantly higher in the augmenter group at 450 and 750 
kpm. The similarity in physiological responses between groups reduced 
the likelihood of a physiological cause of the ratings of perceived 
exertion differences. Sensory augmentation and reduction appeared to 
independently influence the ratings of perceived exertion at the lower
work levels but became less influential at near maximal levels.
26Morgan and others investigated the influence of various hypnotic 
suggestions on perceptual and metabolic responses to a standard bicycle 
ergometer test. Five subjects exercised for five minutes at a work 
load of 600 kpm and fifty revolutions per minute. However, each subject 
was told that he would exercise at a light, moderate and heavy work 
load under various hypnotic suggestions. Physiological measurements
^ R .  Robertson and others, "The Influence of Sensory Augmentation 
and Reduction on Perceived Exertion," Medicine and Science in Sports,
7 (Spring, 1975), p. 81.
^^William P. Morgan and others, "Perceptual and Metabolic Respon- 
stivity to Standard Bicyle Ergometry Following Various Hypnotic Sugges­
tions," Medicine and Science in Sports, 3 (Spring, 1971), p. 17.
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were made throughout the induction, explanation of work, exercise bout 
and recovery period. Ratings of perceived exertion were made in the 
waking state following each session. The findings of the study indi­
cated that hypnotic suggestions evoked perceptual and physiological 
changes. It was concluded that complex somatospsychic phenomena govern 
perceptual and physiological responstivity to muscular exertion.
In a related study, Morgan and othe r s ^  reported the influence of 
hypnotic suggestions on perceived exertion and ventilation. Five adult 
males cycled under the following conditions: control waking and hyp­
notic states, and the waking and hypnotic states with suggestions of 
heavy work. A significant increase in perceived exertion accompanied 
the suggestion of heavy work, and subsequent suggestions of lighter work 
provoked a decrement in perception of effort. Suggestion of heavy work 
in both the hypnotic and waking states was associated with an increase 
in ventilation, and furthermore, this elevation persisted through the 
following five minutes of work despite the fact the subsequent work 
was perceived as being less difficult. The author suggested that the 
exercising subject's decision to terminate long term endurance efforts 
is dependent in part on his perception of the work's cost, as well as 
the actual intensity of the work, and furthermore, ventilatory discom­
fort or distress may represent a primary cue parameter.
2 8Bell and others studied the effects of glucose ingestion on
^William P. Morgan and others, "Hypnotic Perturbation of Perceived 
Exertion: Ventilatory Consequences," The American Journal of Clinical
Hypnosis, 18 (January, 1976), pp. 182-190.
2^C. w. Bell and others, "The Effect of Glucose Ingestion on Per­
ceptual Responses During Long Term Work," Medicine and Science in 
Sports, 7 (Spring, 1975), p. 82.
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perceptual responses during long term work. Nine cross country run­
ners attempted two separate three hour treadmill runs. During one run 
subjects received glucose solutions and during the other run a placebo 
solution. Results indicated significantly lower overall ratings of 
perceived exertion under the glucose ingestion treatment. The author 
concluded that glucose ingestion prior to and during long term work 
appears to significantly decrease psychophysiological stress.
SUMMARY OF STUDIES RELATED TO 
PERCEIVED EXERTION
Borg proposed the use of a simple rating scale for measuring per­
ceived exertion. Skinner and Arstilla determined the validity and 
reliability of the Borg Scale. Morgan, Borg and Purvis found that 
perceptual ratings of work intensity tended to be better predictors of 
maximal work capacity than submaximal measures of heart rate. Studies 
were reported that indicated the most consistent cue in ratings of 
perceived exertion was heart rate (Skinner and others; Michael and 
Hackett). Several authors found that local muscular discomfort in the 
exercising limbs influenced perceived exertion (Standford and Noble; 
Noble and others; Robertson, McCarthy and Gillespie; Cafarelli, Cain 
and Stevens; Pandolf and Noble). Morgan and others suggested that a 
complex psychobiologic approach to perceived exertion was the most 
effective. Robertson reported that sensory augmentation and reduction 
appeared to influence the ratings of perceived exertion at the lower 
work levels but became less influential at near maximal levels. Soule 
and Goldman concluded that subjects' RPE level may increase despite 
constant work and physiological responses when forced to stay awake for
25
31 hours. Frankenhauser found an increase adrenal-medullary secretion 
occurred when muscular work became so heavy that feelings of emotional 
stress and unpleasantness were evoked. Bell found that glucose in­
gestion appeared to decrease psychophysiological stress. Patton found 
that differences in fitness due to training did not influence ratings 
of perceived exertion. In contrast Pandolf, Winsmann and Goldman 
concluded that training of sufficient intensity decreased ratings of 
perceived exertion. Borg and Linderholm found that ratings of per­
ceived exertion increased with increasing age. Finally, Harvey re­
ported that ratings of perceived exertion of black subjects did not 
differ from the perception of effort of white subjects.
STUDIES RELATED TO RELATIVE HUMIDITY
Most research studies have dealt with the effect of relative humi­
dity on comfort. Studies directly related to physical performance and
humidity have been sparse.
29Pepler reported that poorer physiological performance occurred 
under moist conditions (relative humidity of eighty percent) than at the 
same dry-bulb temperature under a lower relative humidity of twenty 
percent.
30Robinson, Turrell and Gerking investigated the effects of differ­
ent environmental climates on clothed and unclothed men both at rest and 
in walking on a treadmill. Five male subjects were exposed to various
^ F .  H. Roles, Jr., "Humidity, Human Factors on the Energy Shortage," 
ASHRAE Transactions, 81, No. 1 (1975), pp. 716-718.
■^Sid Robinson, E. S. Turrell and S. D. Gerking, "Physiologically 
Equivalent Conditions of Air Temperatures and Humidity," American Journal 
of Physiology, 143, No. 1 (1945), pp. 21-32.
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environments in three different states of activity: (1) sitting,
(2) walking on a treadmill at 4.5 km per hour on a level, and (3) 
walking on the treadmill at 5.6 km per hour up a 2.5 percent grade.
Half the experiments were performed with men wearing shorts and the 
other half with men clad in army jungle fatigues. Unclothed subjects 
walking at 5.6 km per hour at 2.5 percent grade maintained thermal 
equilibrium from the second through the sixth hours of exposures at 
34°C with 91 percent relative humidity and at 50°C with 21 percent 
relative humidity. While walking at 4.5 km per minute the subjects 
maintained thermal equilibrium at 35°C with 96 percent humidity and 
at 50°C with 32 percent humidity. Subjects sitting maintained equili­
brium at 36°C with 98 percent relative humidity and at 50°C with 34 
percent relative humidity. Clothed men maintained thermal equilibrium
only in environments distinctly less severe than when unclothed.
31Brouha and others studied the physiological reactions of men 
and women during muscular activity and recovery in three environments:
(1) normal room temperature of 25°C and 43 percent relative humidity,
(2) warm-dry conditions of 37.2°C and 25 percent relative humidity and
(3) warm-humid conditions of 32.2°C and 82 percent relative humidity. 
Six men and five women pedalled a bike ergometer at the rate of sixty 
revolutions per minute for thirty-four minutes. Findings of the study 
were:
1. Pulmonary ventilation was usually decreased in the warm- 
dry environment and increased in the warm-humid environment.
■^L. Brouha and others, "Physiological Reactions of Men and Women 
During Muscular Activity and Recovery in Various Environments," Journal 
of Applied Physiology, 16 (January, 1961), pp. 133-140.
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2. Oxygen consumption was significantly lower in the warm-dry 
environment than at room temperature.
3. Heart rate was significantly influenced by sex and environment, 
being highest for the women in the warm-humid conditions.
The author concluded that the warm-humid environment was more stressing
than the warm-dry conditions.
32Ward reported the effects of varying ambient temperatures and 
varying relative humidities on the cardiac rate of young males. Three 
young male subjects performed one hundred steady state exercise tests 
of eight minutes duration at temperatures ranging between 38 and 110 
degrees Fahrenheit and relative humidities between 19 and 100 percent. 
Cardiac rate was greatly affected by the stress of work load, followed 
in order by the two stresses of temperature and humidity. Among other 
findings, substantial differences were noted between the effects of 
high humidities at 110 degrees Fahrenheit and during all work loads of 
900 kpm and below.
33Pandolf and others conducted an experiment designed to evaluate 
the physiological strain during light bicycle ergometer exercise at 
elevated ambient temperatures first at low, constant vapor pressure, and 
second while the vapor pressure was increased towards saturation. Six 
unacclimated male subjects performed a bike ergometer exercise for 30 
to 40 minutes at 25 percent maximum oxygen intake, during which relative
ooOren A. Ward, "The Effects of Various Ambient Temperatures, 
Relative Humidities, and Work Loads on the Cardiac Rate of Young Males," 
(unpublished Master's thesis, University of Kansas, Lawrence, Kansas, 
1970) .
■^K. B. Pandolf and others, "Physiological Strain During Light Exer­
cise in Hot-Humid Environments," Aerospace Medicine, 45 (April, 1975), 
pp. 359-365.
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humidity was constant or increased steadily towards saturation. For low 
relative humidity, heart rate rose one beat per minute per degree Centi­
grade elevation above 25 degrees Centigrade. For increasing relative 
humidity, heart rate rose two to four beats per minute for each degree 
Centigrade above 25 degrees Centigrade. With rising humidity, skin 
temperature rose at a greater rate than for low humidity.
In order to obtain more detailed information on human adaptability, 
Weinman and others^ conducted a series of experiments to compare the 
physiological reactions of young male and female college students under 
the influence of a repeated exposure to a standard work load and hot- 
humid environments. Five men and five women walked on a treadmill for 
four hours under a temperature of 33.9 degrees Centigrade and 88 percent 
relative humidity. Among the findings were:
1. Increments in rectal temperature were smaller in the men than 
in the women and decreased progressively.
2. Total body sweat rate was significantly higher in the men and 
rose during the course of repeated exposures.
3. Increments in pulse rate tended to plateau within two hours 
for women, but not for men.
Weinman concluded that after repeated exposure to a standard work load 
under standard conditions of heat and humidity, both men and women de­
veloped a certain degree of acclimatization, the mechanisms and signs 
of which were different in the two sexes.
■^K. P. Weinman and others, "Reactions of Men and Women to Repeated 
Exposures to Humid Heat," Journal of Applied Physiology, 22 (1967), 
pp. 533-538.
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OC' Lahiri and others compared the effects of hot-humid environments 
with the effects of high altitude on physical performance capacity as 
reflected by heart rate and oxygen uptake. Two groups of men were 
selected for the study: (1) residents of a hot-humid environment at
sea level, and (2) subjects who lived at an altitude of 3,800 meters.
The findings of the study showed that the hot-humid environment at sea 
level was as incapacitating as was hypoxia at high altitudes.
O C.
Bell and Walters investigated the physiological reactions of 
unacclimatized young men when exposed to hot and humid environments.
The subjects worked continuously during exposures at an estimated 280 
Kcal per hour until a state of imminent heat collapse was attained.
From these data, it was possible to construct a curve relating safe ex­
posure times to a description of climatic severity. The authors de­
fined safe exposure as "that time within which 5 percent of a population 
represented by the men studied, in conditions similar to those investi­
gated should reach a state of imminent heat collapse." Among the find­
ings was that in a model of the human organism's responses to thermal 
stress, wet-bulb temperatures provide an important influence upon the 
determination of safe exposure times.
Pepler^ conducted a test of the Effective Temperature Scale (Beford
35S . Lahiri and others, "Effects of Hypoxia, Heat and Humidity on 
Physical Performance," Journal of Applied Physiology, 40, No. 2 
(February, 1976), pp. 206-210.
3^C. R. Bell and J. D. Walters, "Reaction of Men Working in Hot 
and Humid Conditions," Journal of Applied Physiology, 27 (November,
1969), pp. 684-686.
37r . D. Pepler, "Warmth and Performance: An investigation in the
Tropics," Ergonomics, 2 (1958), pp. 63-88.
30
1946) against performance criteria, by measuring performances in both 
a dry and a moist climate each having the same effective temperature. 
Thirty-two subjects performed tracking runs for three minutes on a 
pursuitmeter. The effect of the difference in relative humidity was 
quite large. Also, in answers to a simple questionnaire twenty-one 
subjects noticed a difference in relative humidity. Twenty-one of 
twenty-seven subjects found it harder to work in the hot-humid climate 
than in the hot-dry climate.
O O
Shvartz, Saar and Benor attempted to determine the relationship 
between physique and heat tolerance. Twenty-five young men, with 
varying surface area/weight ratios underwent several work-heat tests 
on a treadmill. In the humid-heat experiments at 30 degrees Centigrade, 
subjects with high surface area/weight ratios were distinctly superior 
in heat tolerance to subjects with low ratios. As the temperature in­
creased the relationship between surface area/weight ratio and heat 
tolerance decreased. From the study it was concluded that in hot-dry 
and hot-humid climates, physique is not related to heat tolerance. The 
authors did indicate that clothes that prevented evaporation of sweat 
placed a higher heat stress on those with low surface area/weight ratios 
in milk heat.
OQWinslow, Herrington, and GaggeJ analyzed the heat interchange be­
tween the human body and the environment. Observations were made on
3®E. Shvartz, E. Saar and D. Benor, "Physique and Heat Tolerance in 
Hot-Dry and Hot-Humid Environments," Journal of Applied Physiology, 34 
(1973), pp. 799-803.
39C. -E. A. Winslow, L. P. Herrington, and A. P. Gagge, "Physiolo­
gical Reactions of the Himan Body to Various Atmospheric Humidities," 
American Journal of Physiology, 120, No. 2 (1937), pp. 288-299.
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three unclothed male subjects in a semi-reclining position while in a 
copper booth. The environmental variables of air temperature and rela­
tive humidity were varied as follows: air temperature from 16.6 degrees
to 37.9 degrees Centigrade and relative humidity from 14 percent to 80 
percent saturation. The authors summarized the results of the study as 
follows:
The discharge of sweat exhibits a close adaptation to 
the evaporative moisture demands of the environment. Increased 
excretion of sweat associated with high atmospheric humidity 
at any given air temperature, is accompanied or preceded by 
an increase cutaneous blood supply— for which process the 
initial stimulus must presumably be peripheral rather than 
central, since body temperature does not change appreciably 
in the process while even skin temperature alters but 
slightly and temporarily.
McNall and o t h e r s ^  conducted a study to determine the thermally 
neutral temperature and zone for men and women with activity levels 
resulting in metabolic rates of approximately 600, 800 and 1,000 Btuh 
for the average male subject. In addition to the votes of thermal sen­
sation, observations were made of several physiological responses to 
the work rates. For metabolic rates of 600, 800 and 1,000 Btuh, the 
thermally neutral temperatures were 72, 66, 60 degrees Fahrenheit. 
Relative humidity of 25, 45 and 65 percent had little effect upon men 
and women's "thermal comfort" at the 600 and 800 Btuh metabolic rates, 
but the relative humidity did effect the thermal comfort region for 
women at the 1,000 Btuh metabolic rate. The effect of relative humidity 
on pulse rate at 78 degrees Fahrenheit under a metabolic rate of 800 
Btuh was not statistically significant. Finally, it was found that when
^ P .  E. McNall, Jr., and others, "Thermal Comfort (Thermally 
Neutral) Conditions for Three Levels of Activity," ASHRAE Transactions, 
73, Part 1 (1967), pp. 1.3.1 - 1.3.11.
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temperatures investigated within a thermally neutral zone were higher 
than the thermally neutral temperature for that activity, both male 
and female mean votes at those temperatures were influenced by relative 
humidity.
Nevins and o t h e r s ^  re-evaluated the conditions for thermal com­
fort as affected by dry bulb temperature and relative humidity. Seven 
hundred, twenty male and female subjects were exposed to nine dry bulb 
temperatures at each of eight relative humidities. Each exposure 
period was three hours and during this time the subjects remained 
seated in the test chamber. After the first hour and then each half 
hour until five votes were taken, subjects reported their feelings of 
thermal comfort on a Comfort Vote Scale (1 - Cold, 7 - Hot). The find­
ings of the study indicated a strong linear effect of temperature and 
a smaller, but substantial, linear effect of relative humidity on 
comfort voting. There was a significant interaction effect between 
temperature and relative humidity. Also, there was no significant dif­
ference between tests given in the afternoon and evening. It was sug­
gested that for college-age males and females wearing standard clothing, 
seated and exposed to the environment a dry bulb temperature of 78 to 
82 degrees Fahrenheit at varying percent relative humidity should be
used as the design criteria for thermal comfort.
/  9In a similar study, Rohles and Nevins investigated the range of 
thermal conditions at which men and women reported feeling comfortable.
^ R .  G. Nevins and others, "A Temperature-Humidity Chart for Ther­
mal Comfort of Seated Persons," ASHRAE Journal, (April, 1966), pp. 55-61.
42 F. H. Rohles, Jr., and R. G. Nevins, The Nature of Thermal Com­
fort," ASHRAE Transactions, 77, Part 1 (1971), pp. 239-246.
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Sixteen hundred males and females acted as subjects for a series of 
tests conducted at twenty dry bulb temperatueres at each of eight rela­
tive humidities. The subjects were seated in a climate control chamber 
and recorded their thermal sensations on a ballot (1- Cold, 7 - Hot).
For sedentary subjects the range of comfortable voting was between 62 
degrees Fahrenheit and 98 degrees Fahrenheit. Multiple regression 
demonstrated a high positive relationship between temperature and 
humidity and thermal sensation. Temperature exerted an influence on how 
men felt almost seven times that of relative humidity and for women 
almost nine times.
/ QKoch, Jennings and Humphreys analyzed the subjective responses 
of twenty subjects to temperature and humidity with the other environ­
mental variables being so adjusted as to have a minimum effect on sub­
jective reactions. Each subject was asked to report his thermal sen­
sation on a scale which included thermal sensation and sensation of 
humidity. The line of optimum comfort was approximately straight and 
ranged from 77.6 degrees Fahrenheit at 30 percent relative humidity to 
76.5 degrees Fahrenheit at 85 percent relative humidity. The authors 
suggested that although optimum comfort was primarily dependent upon 
dry bulb temperature, the effective temperature lines indicated that 
the humidity was also an important factor.
^ W .  Koch, B. H. Jennings and C. M. Humphreys, "Sensation Responses 
to Temperature and Humidity Under Still Air Conditions in the Comfort 
Range," ASHRAE Transactions, 66 (1960), pp. 264-287.
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44Anderson, Lundqvist and Proctor studied the subjective per­
ception of humidity and temperature of forty-eight young male subjects 
exposed to air at 23 degrees Centigrade with a relative humidity of 70, 
50, 30 and 10 percent. The subjects were seated at small tables in a 
climate chamber and were only allowed to read or perform similar quiet 
activities. Every half hour the subjects were asked to vote on tempera­
ture and humidity in the room. Humidity changes from 70 to 10 percent 
and back from 10 to 70 percent were not perceived as such by the sub­
jects during exposure periods of three to four hours. However subjects 
did perceive a change in temperature although this factor was held con­
stant throughout.
45Griffiths and others studied the subjective assessments of 
seventy-two men and women subjects to three levels of humidity at a 
comfortable and elevated temperature. The experiment was carried out 
in an environmental chamber in which the three levels of humidity were 
20, 50 and 75 percent and the temperatures were 23 and 28 degrees 
Centigrade. Each testing session lasted six hours with the subjects 
describing their feelings on the Bedford Warmth Scale (1 - Much too 
cool to 7 - Much too warm) at hourly intervals. The findings of the 
study were:
1. Increasing humidity produced significant increase in warmth 
vote at the temperature of 28 degrees Centigrade. No such effect was
^ 1 .  Anderson, G. R. Lundqvist, and D, F. Proctor, "Human Perception 
of Humidity Under Four Controlled Conditions," Archives of Environmental 
Health, 26 (January, 1973), pp. 22-27.
^ 1 .  D. Griffiths and others, "Subjective Response to Relative 
Humidity at Two Air Temperatures," Archives Des Sciences Physiologiques, 
27, No. 4 (1973), pp. 459-466.
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visible at the lower temperature of 23 decrees Centigrade.
2. At 28 degrees Centigrade the subjects found high humidities 
more oppressive, more moist and less comfortable. At 23 degrees Centi­
grade humidity did not significantly affect the dry-moist scale but did 
affect the reported moistness of the skin.
3. Subjects asked for significantly more drinks at 28 degrees 
Centigrade than at 23 degrees Centigrade. Humidity had no effect.
Winslow, Herrington and G a g g e ^  investigated the influence of at­
mospheric humidity upon the thermal reactions of clothed sedentary sub­
jects. The study was conducted under sixteen different air temperatures 
ranging from 18 to 37 degrees Centigrade, and with two different rela­
tive humidities at each level of air temperature. Low humidities were 
between 24 and 35 percent and high humidities were between 75 and 88 
percent. Below an environmental temperature of 25 degrees Centigrade 
sweat secretion and evaporation were minimal at low humidity levels and 
only slightly higher for high humidity. Metabolism, body temperature 
and storage were essentially the same with either high or low humidity. 
When the environmental temperature exceeded 25 degrees Centigrade rela­
tive humidity had a highly significant effect. As relative humidity 
increased in the hot zone skin temperature and body temperature increased, 
metabolism was greater, body cooling was less, index of sweat secretion 
increased greatly and discomfort became pronounced. The authors con­
cluded that when the environmental temperature was below 25 degrees
46C. -E. A. Winslow, L. P. Herrington and A. P. Gagge, "The Reactions 
of the Clothed Human Body to Variations in Atmospheric Humidity,"
American Journal of Physiology, 124, No. 3 (1938), pp. 692-703.
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Centigrade the relative humidity of the atmosphere had a minimal in­
fluence upon physiological reactions in general.
SUMMARY OF STUDIES RELATED TO 
RELATIVE HUMIDITY
Eighteen studies related to performance and relative humidity were 
reviewed. Ward found that the cardiac rate of young men was mostly 
affected by the stress of work load, followed in order by temperature 
and humidity. Pepler reported that physical performance decrement was 
greater under higher humidity than at the same dry-bulb temperature 
under a low relative humidity. Several studies indicated that with 
rising humidity heart rate, skin temperature and thermal sensations 
increased for each degree Centigrade above 25 degrees Centigrade 
(Pandolf; Griffiths; Winslow, Herrington and Gagge). Robinson, Turell 
and Gerking found that men maintained thermal equilibrium at a higher 
temperature and humidity level while resting than when exercising.
Weinman and others concluded that after repeated exposures to a standard 
work load under standard conditions of heat and humidity, both men and 
women developed a certain degree of adaptability. Some authors reported 
that a warm-humid environment was more stressing than a warm-dry environ­
ment (Brouha and others; Winslow, Herrington and Gagge). Lahiri and 
others found that a hot-humid environment was as incapacitating as was 
hypoxia at high altitudes. Shvartz, Saar and Benor found that in hot- 
dry and hot-humid climates physique was not related to heat tolerance. 
Several studies indicated that relative humidity had an effect on thermal 
sensations of men and women at rest and during strenuous exercise 
(McNall; Nevins; Rohles and Nevins; Koch, Jennings and Humphreys).
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In contrast, Anderson, Lundqvist and Proctor found that subjects did not 




OVERVIEW OF THE STUDY
Twenty-four male subjects from physical education activity courses 
were selected to investigate the effects of relative humidity on per­
ceived exertion. Each subject was tested once under each of the fol­
lowing relative humidity conditions: 40-50, 65-75 and 90-100 percent.
The tests were performed in a climatically controlled room in 
which the dry bulb temperature, mean radiant temperature, air movement 
and subject's clothing were uniform while relative humidity was altered 
for each test session.
Perceived exertion was measured by utilizing the Borg Scale while 
subjects performed a designated work bout on a Monark bicycle ergo­
meter.'*' During each exercise bout heart rate was monitored by means of 
a Digital Electronic Heart Pulse Monitor. Subjects were tested under 
only one relative humidity condition each day on a counterbalanced 
basis. The subjects were asked not to participate in strenuous exercise, 
eat, smoke or drink alcoholic beverages for at least two hours prior to 
testing.
A completely randomized 6 x 3 x 5  split-split-plot analysis of 
variance was utilized to determine the effects of relative humidity on
■*"Gunnar A. V. Borg, "Perceived Exertion: A Note on 'History' and
Methods," Medicine and Science in Sports, 5 (Summer, 1973), p. 92.
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perceived exertion. A separate split-split-plot analysis was con­
ducted to determine the effects of relative humidity on heart rate.
SELECTION AND GROUPING OF SUBJECTS
Twenty-four male students from selected physical education activity 
courses served as subjects for the study. Varsity athletes or extremely 
thin and obese students were excluded from the study in order to have 
the subjects as physically homogeneous as possible. Average age of the 
subjects was 22.6 with age ranging from 19 to 29 years. Average height 
and weight of the subjects were 70.4 inches and 164 pounds respectively 
with height ranging from 65 to 74 inches and weight from 142 to 196 
pounds. The Modified Ohio State Step test was utilized as a screening 
test. Subjects whose heart rate reached 150 beats per minute prior to 
the sixth inning of the test were excluded from the perceived exertion 
test. The twenty-four subjects were randomly assigned to one of six 
groups. The groups were tested in a counterbalanced order so as to 
negate the effects of practice and order of testing on the dependent 
variable (Appendix A). The subjects were asked to affirm their general 
state of health and their willingness to participate in the study by 
signing an Informed Consent Form (Appendix B).
TESTING EQUIPMENT
Monark Bicycle Ergometer
A Monark bicycle ergometer was used to facilitate the following 
work loads: 150, 450, 750, 1050, and 1350 kpm/minute. This was accom­
plished by setting the force at 1/2, 1 1/2, 2 1/2, 3 1/2, and 4 1/2
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kilopons and pedalling at a rate of fifty revolutions per minute.
Digital Electronic Heart Pulse Monitor (Pulse Trac)
A Digital Electronic Heart Pulse Monitor (Pulse Trac) was used in
2this study to obtain accurate heart rate measurements. The Pulse Trac 
monitors the pulse rate and emits each individual pulse audibly. The 
Pulse Trac then simultaneously computes the average of four heart beats 
and displays this average digitally. The Pulse Trac consists of two 
basic components: A signal receiver that clips on the index finger, 
and a control display unit. (Figure 1).
Metronome
A metronome was used to set the cadence for pedalling the bicycle 
ergometer. For a pedalling rate of fifty revolutions per minute the 
metronome was set at 100 so that each click of the metronome signified 
a downward thrust on the pedal.
Stopwatch
A standard Olympia stopwatch was used to time all work intervals. 
Clothing
The subjects wore only gym shorts for the testing period. This 
was done in an effort to standardize the amount of exposed body surface.
Viking Sauna
A Viking Sauna was used to maintain a dry bulb temperature of 77° 
Fahrenheit + 1°, and a mean radiant temperature equal to dry bulb
^Electronic Medical Systems, "instruction Sheet for the Digital 
Electronic Heart Pulse Monitor," St. Paul, Minnesota.
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Figure 1
Digital Heart Pulse Monitor (Pulse Trac)
temperature and no noticeable air movement.
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Humidifier
A hospital vaporizer was employed to raise the relative humidity 
in the climate controlled room between 40-50, 65-75 or 90-100 percent. 
(Figure 2).
Thermometer
Temperature was monitored by a standard indoor thermometer.
(Figure 3).
Hygrometer
A standard hygrometer (Figure 3) was utilized to measure percent 
relative humidity.
Sling Psychrometer
In order to verify the accuracy of the thermometer and hygro­
meter a sling psychrometer (Figure 3) was utilized. The instrument 
contains a wet bulb and dry bulb thermometer. The psychrometer is spun 
by the handle for a minimum of three minutes and readings from both 
thermometers are recorded. The relative humidity is determined by use 
of a conversion chart.
Globe (Black Bulb) Thermometer
In order to measure the mean radiant temperature a globe ther­
mometer was used. The globe thermometer consists of an ordinary dry 





Thermometer, Hygrometer, Sling Psychrometer, 
Ribbon, and Globe Thermometer
45
Detection of Air Movement
Excessive air movement was monitored by means of a three foot 
ribbon (Figure 3) attached to the ceiling of the test room. Continuous 
movement of the ribbon constituted excessive air movement.
Scales
Subjects were weighed before and after each exercise bout. A 
Detecto balance-spring scale was used to weigh subjects to the nearest 
quarter pound.
TESTING PROCEDURE
Modified Ohio State Step Test Procedures
In order to ascertain if the subjects possessed a minimal level 
of cardiovascular fitness, the first phase of the Modified Ohio State 
Step Test^ was utilized as a screening test.
Each subject stood before a 17 inch platform. At the command to 
begin, the subject stepped up and down for 30 seconds in cadence with 
the metronome. The metronome setting was 96 which corresponded to a 
stepping cadence of 24 steps per minute. At the command "stop" the 
subject immediately sat down and the investigator counted the pulse 
for 10 seconds, beginning with the fifth rest second and stopping at 
the fifteenth second. After five more seconds the subject started 
stepping again for 30 seconds. This procedure was continued for six 
innings or until a pulse count of 25 was reached, which represents 150 
beats per minute.
^Barry L. Johnson and Jack K. Nelson, Practical Measurements for 
Evaluation in Physical Education, (Minneapolis: Burgess Publishing
Company, 1974), p. 141.
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If the subject's pulse rate reached 150 beats per minute before 
the sixth inning he was eliminated from the study.
General Procedure
Prior to each testing session the equipment was checked for proper 
functioning. The humidifier was operating at least two hours prior to 
testing to assure that the relative humidity reached the appropriate 
level of 40-50, 65-75, or 90-100 percent in the Viking Sauna. The 
Pulse Trac was switched on twenty minutes before being used. The Borg 
Scale (Figure 4) was placed directly in front of the bicycle ergometer 
where it could be easily viewed.
Upon arriving for the testing session each subject was immediately 
weighed nude. Weight was recorded to the nearest one-quarter pound.
The subject then entered the Viking Sauna and seated himself next to 
the bicycle ergometer for a fifteen minute acclimatization period.
During this acclimatization period the Pulse Trac clip (Figure 5) 
was attached to the subject's right index finger with the fingernail 
away from the light source.
Perceived Exertion Procedure
Borg's Scale for ratings of perceived exertion (RPE) was utilized 
in the testing of perceived exertion (Figure 4). Immediately following 
the placement of the Pulse Trac clip a typed manuscript of the procedures 
for rating perceived exertion was given to the subject. The author then 
asked the subject to read the instructions to himself as he read them 













7 very hard 
18
9 very, very hard
Figure 4
Borg Scale Utilized in Subject's Rating 
of Perceived Exertion
Figure 5




You (are looking) at a scale which contains numbers 
from 6 to 20. We use this scale so that you may translate 
into numbers your feelings of exertion while pedalling the 
bicycle ergometer. The range of numbers should represent 
a range of feelings from "No exertion at all" (number 6) 
to "Maximal exertion" (number 20). In order to help you 
select a number which corresponds to your subjective feel­
ings every other number has an attached verbal expression 
(for example, 7 is associated with feelings of Very, Very 
Light Exertion while 19 is associated with feelings of Very,
Very Hard Exertion). Your goal is to rate your feelings 
which are caused by the work and not the work itself.
These feelings should be general, that is about the body
as a whole. We will not ask you to specify the feeling
but to select a number which most accurately corresponds 
to your perception of your total body feeling. Keep in 
mind that there are no right or wrong numbers. Use any 
number you think is appropriate.
Questions related to the rating procedures were answered but no infor­
mation was provided regarding the translation of "feelings" into per­
ceptual ratings.
Following a five minute rest period a resting pulse rate was taken. 
The subject then mounted the bicycle ergometer and the seat was ad­
justed so that the leg was almost fully extended when the pedal was in 
the down position. (Figure 5). The metronome was turned on and the 
subject began to pedal at a rate of fifty revolutions per minute. When 
the investigator determined that the subject was pedalling at the proper 
rate the exercise bout began. A workload of 150 kpm/minute was set on 
the bicycle ergometer and the stopwatch was started. Fifteen seconds
before the end of each minute of the exercise bout the subject responded
with his rating of perceived exertion which was recorded by the investi-
^Bruce J. Noble and other, "Perceived Exertion During Walking and 
Running— 11," Medicine and Science in Sports, 5 (Summer, 1973), p. 117.
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gator (Appendix C). Also, at this time the author recorded heart rate. 
(Figure 6).
At precisely the end of each minute the work load was increased 
by 300 kpm. The work loads were as follows: 150, 450, 750, 1050 and
1350 kpm/minute. The subject exercised continuously for five minutes 
with heart rate and perceived exertion measured 15 seconds before the 
end of each minute. For each subject in each condition the total test 
time required twenty minutes.
The subject was not informed of the relative humidity sequence 
under which he was tested until the completion of the study.
PILOT STUDY
Five male college students acted as subjects for a pilot study on 
March 9, 1977 at Louisiana State University. The purposes of the pilot 
study were three-fold: (a) to establish appropriate testing procedures,
(b) to determine the proper work loads for the bicycle ergometer test, 
and (c) to establish the proper relative humidity levels.
It was determined that the following work loads would provide the 
best results: 150, 450, 750, 1050 and 1350 kpm/minute. The work load
was set at 150 kpm/minute initially and at the end of each minute of 
work increased by 300 kpm/minute.
From the pilot study it was concluded that relative humidity should 
be varied over a particular range not at specific percents. The relative 
humidity levels were established as follows: 40-50, 65-75, and 90-100
percent.
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Figure 6
Performance of Work Bouts and the Recording 
of RPE and Heart Rate Data
STATISTICAL ANALYSIS
Separate 6 x 3 x 5  completely randomized split-split-plot analysis 
of variance were utilized to determine the effects of relative humidity, 
group (order of testing), and work load on perceived exertion and heart 
rate. Graphs of perceived exertion and heart response to exercise under 
different levels of relative humidity were constructed.
CHAPTER 4
PRESENTATION AND ANALYSIS OF DATA
The data analyzed for this study resulted from scores of 24 male 
college students randomly assigned to groups of four subjects per 
group. The six groups represented the six possible combinations of 
testing. All subjects were tested on perceived exertion under each of 
the following relative humidity conditions: 40-50, 65-75 and 90-100
percent.
Perceived exertion data were collected while subjects performed a 
designated work bout on a bicycle ergometer. Also, heart rate data 
were recorded as the subjects attempted to subjectively estimate their 
perceived exertion under each relative humidity condition.
Separate completely randomized split-split-plot analysis of vari­
ance were utilized to determine the effects of relative humidity, group 
(Order of testing), and work load on perceived exertion and heart rate. 
A graphical analysis of ratings of perceived exertion and heart rate 
response to exercise under different levels of relative humidity were 
constructed. Although it was not particularly germane to the purposes, 
correlation coefficients were calculated between resting heart rates 
and final exercise heart rates at each humidity level in an endeavor to 




ANALYSIS OF THE EFFECTS OF GROUP,
RELATIVE HUMIDITY, AND WORK LOAD 
ON PERCEIVED EXERTION
A completely randomized split-split-plot analysis of variance was 
computed to determine the effects of group (order of testing), relative 
humidity, and work load on perceived exertion. The analysis of variance 
is shown in Table 1. Appendix G lists the means used for the comparisons
that were made in the analysis.
As shown in Table 1, the analysis of data indicated that there were 
no significant differences between groups (order of testing). With 5 and
18 degrees of freedom, the F-ratio for the group effect was not large
enough to be significant at the .05 level of probability.
Mean differences between humidity levels resulted in an F-ratio of
0.39 which was not significant at the .05 level. This indicated that 
differences in relative humidity did not significantly affect the sub­
jects' ratings of perceived exertion.
As shown in Table 1, a non-significant F-ratio was found for the 
interaction between groups and humidities (Group x Humidity).
Mean differences between work loads resulted in an F-ratio of 
1299.22 which was significant at the .01 level. As shown in Table 2, 
orthogonal regression indicated a significant linear effect for perceived 
exertion ratings and the work load settings. This pointed out that the 
subject's ratings of perceived exertion significantly increased as work 

















Group (Order of Tests) 5 83.09 16.62 0.99 NS
Error A 18 300.10 16.67
Humidity 2 1.84 0.92 0.39 NS
Group X Humidity 10 36.79 3.68 1.57 NS
Error B 36 84.30 2.34
Work 4 4609.82 1152.45 1299.22 .01
Group X Work 20 26.72 1.34 1.51 NS
Humidity X Work 8 5.47 0.68 0.77 NS
Group X Humidity X Work 40 30.40 0.76 0.86 NS
Error C 216 191.60 0.89
Total 359 5370.12
F-ratio needed for significance: 5 and 18 df, .01 level = 4.25
.05 level = 2.77
2 and 36 df, .01 level = 5.25
.05 level = 3.26
10 and 36 df, .01 level = 2.86
.05 level = 2.11
4 and 216 df, .01 level = 3.41
.05 level = 2.42
20 and 216 df, .01 level = 1.97
.05 level = 1.62
8 and 216 df, .01 level = 2.60
.05 level = 1.98
40 and 216 df, .01 level = 1.69
.05 level = 1.46
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Table 2
ORTHOGONAL REGRESSION OF THE EFFECTS 











Work 4 4609.82 1152.45 1299.22 .01
Linear 1 4590.45 4590.45 5175.25 .01
Error C 216 191.60 9.89
F-ratio needed for significance, 1 and 216 d.f., .01 level = 6.76
As shown in Table 1, non-significant F-ratios were found for the 
interactions between groups at the five work loads (Group x Work), 
humidity by work load (Humidity x Work Load), and groups by humidity by 
work load (Group x Humidity x Work Load).
ANALYSIS OF THE EFFECTS OF GROUP,
RELATIVE HUMIDITY, AND WORK LOAD 
ON HEART RATE
The split-split-plot analysis of variance comparisons of the 
effects of relative humidity, group (order of testing), and work load 
on heart rate are shown in Table 3. Appendix G lists the means used for 
the comparisons that were made in this analysis.
Table 3 shows that the F-ratio for group (order of testing) was 
5.46 which was significant at the .01 level of probability. The Tukey 
test for comparisons of the group means was utilized to determine the 
nature of the significant differences between groups. Subjects in group 
five, testing order of 65-75, 40-50, and 90-100 percent relative humi­
dity, had significantly higher heart rates as compared to the other
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Group (Order of 'Tests) 5 18950.77 3790.15 5.46 .01
Error A 18 12485.90 693.99
Humidity 2 1604.32 802.16 12.51 .01
Group X Humidity 10 1052.72 105.27 1.64 NS
Work 4 254977.83 63744.57 1500.16 .01
Group X Work 20 1373.07 68.65 1.62 .05
Humidity X Work 8 1157.60 144.70 3.41 .01
Group X Humidity X Work 40 681.70 17.04 0.40 NS
Error C 216 9178.20 42.49
Total 359 303770.00
F-ratio needed for significance: 5 and 18 df, .01 level = 4.25
.05 level = 2.77
2 and 36 df, .01 level = 5.25
.05 level = 3.26
10 and 36 df, .01 level = 2.86
.05 level = 2.11
4 and 216 df, .01 level = 3.41
.05 level = 2.42
20 and 216 df, .01 level = 1.97
.05 level = 1.62
8 and 216 df, .01 level = 2.60
.05 level = 1.98
40 and 216 df, .01 level = 1.69
.05 level = 1.46
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TABLE 4
TUKEY TEST FOR COMPARISONS OF DIFFERENCES 
BETWEEN GROUPS (ORDER OF TESTING)
Mean Group
Group________Heart Rate________5________ 1________ 4________6________ 2________ 3
5 149.97   14.74 17.89* 18.00* 20.57** 21.62**
1 135.23     NS NS NS NS
4 132.08       NS NS NS
6 131.97         NS NS
2 129.40           NS
3 128.35
Difference needed for significance, .01 level = 19.04**
.05 level = 15.27*
TABLE 5
ORTHOGONAL REGRESSION OF EFFECTS OF 
HUMIDITY ON HEART RATE
Source Degrees Sum
of of of Mean
Variation_______Freedom________Squares_______Square______ F-ratio_______P
Humidity 2 1604.32 802.16 12.51 .01
Linear 1 1596.50 1596.50 24.90 .01
Error B 36 2307.90 64.11
F-ratio needed for significance, 1 and 36 df, .01 level = 7.40
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groups. As there was no logical pattern of carry over effects evident, 
it was concluded that this was merely an artifact of the data. Table 4 
shows the results of the Tukey test.
As shown in Table 3, the F-ratio for humidity was 12.513 which was 
significant at the .01 level of probability. As shown in Table 5, 
orthogonal regression revealed a significant linear effect of humidity 
on heart rate, indicating that as the humidity level was increased the 
subject's heart rate increased significantly. Figure 8 illustrates the 
linear increases in heart rate with increases in humidity levels.
The group by humidity interaction resulted in an F-ratio of .1.64 
which was not significant at the .05 level of probability.
Analysis of the effects of work load on heart rate produced an 
F-ratio of 1500.16 which was significant at the .01 level of probability. 
As shown in Table 6, orthognal regression indicated a significant linear 
effect of work load on heart rate. This revealed that as work load in­
creased the subject's heart rate increased significantly. Figure 9 por­
trays the linear effect of work load on heart rate.
Table 6
ORTHOGONAL REGRESSION OF WORK 





















F-ratio needed for significance, 1 and 216 df, .01 level = 6.76
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FIGURE 8
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The group by work interaction produced an F-ratio of 1.62 which 
was significant at the .05 level of probability. This indicated that 
the increases in heart rate with work load were not identical for all 
groups. Figure 10 illustrates that Group Five's increase in heart rate 
with work load followed a different pattern than the patterns of the 
other groups.
As shown in Table 3, the humidity by work interaction resulted in 
an F-ratio of 3.41 which was significant at the .01 level of probability, 
indicating that increases in heart rate with increased work load were 
different for the various humidity levels. Figure 11 illustrates that 
the highest humidity condition produced significantly greater increases 
in heart rate at the higher work loads than the lower humidities.
The final comparison of the group by work by humidity interaction 
produced an F-ratio of 0.99 which was not significant at the .05 level 
of probability.
COREELATION OF RESTING HEART RATE AND 
FINAL HEART RATE AT EACH HUMIDITY LEVEL
The correlations between resting heart rate and final heart rate at 
each humidity level were not significant. The highest relationship 
found was r = .35 between the resting heart rate and final heart rate 
at the 40-50 percent humidity level.
FIGURE 10
HEART RATE COMPARISON OF GROUPS 
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FIGURE 11
HEART RATE COMPARISON OF THREE HUMIDITY LEVELS 
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SUMMARY, FINDINGS, DISCUSSIONS 
AND CONCLUSIONS
SUMMARY
The primary purpose of this study was to determine the effects of 
relative humidity on ratings of perceived exertion of college males. 
Subjects were tested for perceived exertion (RPE) under three relative 
humidity conditions: 40-50, 65-75, and 90-100 percent. The investi­
gation utilized the Borg Scale^, a bicycle ergometer, and a Digital 
Electronic Heart Pulse Monitor (Pulse Trac).
A secondary purpose of the study was to compare the effects of 
exercise under different levels of humidity on heart rate increases.
Twenty-four male volunteers ranging in age from nineteen to 
twenty-nine years served as subjects for the study. All subjects were 
enrolled at Louisiana State University, Baton Rouge, Louisiana, during 
the Summer Semester of 1977. The Modified Ohio State Step Test was 
utilized to screen subjects as to level of cardiovascular fitness.
Those subjects whose pulse rate reached 150 beats per minute before the 
sixth inning of the step test were excluded from the investigation.
The subjects were tested for ratings of perceived exertion (RPE) 
under various relative humidity conditions by pedalling a bicycle
■^Gunnar A. V. Borg, "Perceived Exertion: A Note on 'History1 and
Methods," Medicine and Science in Sports, 5 (Summer, 1973), pp. 90-92.
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ergometer at the rate of 50 revolutions per minute. An initial work load 
of 150 kpm/minute was set for the first minute. The work load was in­
creased by 300 kpm/minute for each one minute thereafter until the 1350 
kpm/minute work level was reached. The exercise bout was a continuous 
five minute exercise. Fifteen seconds before the end of each minute of 
the work bout the subject indicated his rating of perceived exertion. 
During this time the investigator recorded heart rate. Heart rate was 
monitored by means of a Digital Electronic Heart Pulse Monitor (Pulse 
Trac)2 .
Data collected in this study were analyzed by two separate split- 
split-plot analyses of variance. The first analysis of data utilized 
ratings of perceived exertion while the second analysis utilized heart 
rate scores. This design allowed examination of the effects of relative 
humidity, group (order of testing), work load and all possible combina­
tions of these factors on the data collected.
FINDINGS
The findings of the study were as follows:
1. There were no significant differences in ratings of perceived 
exertion under the three relative humidity levels.
2. Ratings of perceived exertion significantly increased in a 
linear manner with increased work loads.
3. There were significant progressive increases in exercise heart 
rates of college male subjects with increased relative humidity levels.
Electronic Medical Systems. "Instruction Sheet for the Digital 
Electronic Heart Pulse Monitor," St. Paul, Minnesota.
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4. The highest humidity level produced significantly greater 
increases in heart rate at the higher work loads than m e  lower humidity 
conditions.
DISCUSSION OF FINDINGS
In this study relative humidity had no significant effect upon the 
ratings of perceived exertion (RPE). This finding was in agreement with
OMcNall and others-3 who reported that relative humidity had little effect 
upon men's thermal sensations during exercise. Also, Anderson, Lundqvist 
and Proctor^ found that subjects did not perceive changes in relative 
humidity during exposure periods of three to four hours. In contrast, 
Nevins^, Koch, Jennings and Humphreys^ concluded that although thermal 
sensations were primarily influenced by work load and dry bulb tempera­
ture, relative humidity did have a linear effect on thermal sensations. 
Finally, Griffiths and others'7 found that relative humidity affected 
thermal sensations at 28 degrees Centigrade but had no effect at 23
3p. E. McNall, Jr., and others, "Thermal Comfort (Thermally Neutral) 
Conditions for Three Levels of Activity," ASHRAE Transactions, 73,
Part 1 (1967), pp. 1.3.1 - 1.3.11.
^1. Anderson, G. R. Lundqvist, and D. F. Proctor, "Human Perception 
of Humidity Under Four Controlled Conditions," Archives of Environmental 
Health, 26 (January, 1973), pp. 22-27.
^R. G. Nevins and others, "A Temperature-Humidity Chart for Thermal 
Comfort of Seated Persons," ASHRAE Journal, (April, .1966), pp. 55-61.
^W. Koch, B. H. Jennings and C. M. Humphreys, "Sensation Responses 
to Temperature and Humidity Under Still Air Conditions in the Comfort 
Range," ASHRAE Transactions, 66 (1960), pp. 264-287.
^1. D. Griffiths and others, "Subjective Response to Relative 
Humidity at Two Air Temperatures," Archives Des Sciences Physiologiques, 
27, No. 4 (1973), pp. 459-466.
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degrees Centigrade. In this study, the temperature was 25 degrees 
Centigrade which may partially explain these findings. Conceivably, 
at a higher temperature, the perceptions of effort would be influenced 
to a greater degree by increased humidity.
It is acknowledged that an individual's performance differs under
g
varying relative humidity conditions. Pepler found that poorer per­
formance occurred under moist conditions (relative humidity of 80 per­
cent) than at the same dry-bulb temperature under a lower relative
nhumidity of 20 percent. Pandolf and others^ found that with rising 
humidity, heart rate increased for each degree Centigrade above 25 de­
grees Centigrade. Winslow, Herrington and G a g g e ^  found that relative 
humidity had a significant effect upon the physiological reactions of 
subjects when the temperature was above 25 degrees Centigrade but 
relative humidity had a minimal effect below 25 degrees Centigrade. The 
evidence from the present study supports earlier studies in that in­
creases in relative humidity were found to produce significant increases 
in exercise heart rate.
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11 12 13work loads that had been reported by Borg, Skinner and Arstilla.
As can be seen in Figures 7 and 9, pages 57 and 62, ratings of perceived
exertion and heart rate increased linearly with increased work load. It
was also noted that the higher humidity levels had a disproportionately
greater effect on heart rate with increased work load than the lower
levels of humidity. However, the increased physiological stress of the
high humidity at high work loads was not manifested by the subjects'
feelings of exertion over that caused by the increases in work load
alone.
CONCLUSIONS
Based upon the findings of this study the following conclusions 
were drawn.
1. Increased relative humidity apparently does not influence the 
subjective ratings of exertion of college male subjects at comfortable 
temperature settings.
2. Increases in subjective ratings of exertion corresponds to 
increases in heart rate as work load increases.
3. High relative humidity produces a disproportionately greater 
effect on heart rate with increased work load than lower relative 
humidity.
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COUNTER-BALANCED ORDER OF TESTING
Group* Test 1 Test 2 Test 3
1 40-50% 65-75% 90-100%
2 65-75% 90-100% 40-50%
3 90-100% 40-50% 65-75%
4 40-50% 90-100% 65-75%
5 65-75% 40-50% 90-100%
6 90-100% 65-75% 40-50%





The undersigned hereby certifies that he fully understands the 
nature and requirements of the tests that are to be administered in 
order to ascertain perceived exertion under different levels of rela­
tive humidity. Further, the undersigned verifies that he has had a 
complete general physical within the past six months and, as far as 
he can determine, there are no physical reasons which would prevent 
him from participating in this study. Also, the undersigned is aware 
that he is free to withdraw and to discontinue participation in the 
project at any time without prejudice to him.
Subject
"Effects of Relative Humidity on Perceived Exertion"
by: Luke E. Thomas
4030 Gourrier Ave. #3 












40 - 50% 




























40-50 Percent Relative Humidity














1 167.00 166.50 65 8 85 9 100 14 136 16 165
2 154.00 152.50 54 10 95 13 127 14 143 16 150
3 160.00 160.00 80 9 92 10 110 13 123 14 131
4 144.00 143.00 80 8 90 11 120 14 138 17 160
5 142.00 142.00 65 9 95 11 115 13 138 16 162
6 182.50 182.50 52 6 76 9 100 13 124 16 141
7 188.50 188.50 68 6 90 7 102 11 127 14 148
8 154.00 154.00 65 7 84 11 93 14 110 16 138
9 169.00 169.00 65 6 93 9 107 12 123 15 136
10 171.25 170.25 68 7 91 11 104 14 118 16 132
11 176.50 176.50 66 6 89 9 102 12 118 14 136




























13 182.50 182.00 78 8 110 11 120 13 135 14 142
14 160.50 160.50 68 9 85 12 110 14 135 17 167
15 179.00 179.00 84 6 90 9 100 13 128 15 146
16 159.50 159.50 58 7 90 10 108 13 128 16 145
17 153.50 153.50 82 7 113 10 129 13 143 15 159
18 196.00 195.00 90 8 118 11 134 13 149 15 167
19 155.75 155.75 82 7 100 11 129 15 155 19 171
20 131.50 131.00 85 6 111 7 133 10 157 13 173
21 161.50 161.50 65 9 96 13 126 16 149 18 161
22 161.75 161.75 83 8 96 12 113 15 131 18 150
23 180.00 179.00 82 8 100 11 113 13 130 15 155














65-75 Percent Relative Humidity
Heart Rate - RPE
Weight Rest I II III IV
Subj ect Pre - Post HR RPE HR RPE HR RPE HR RPE HR
1 168.00 168.00 68 9 86 11 106 13 129 15 173
2 154.00 154.00 56 8 78 11 120 15 145 17 158
3 156.00 156.00 84 11 91 12 120 14 128 15 136
4 144.50 144.50 77 7 103 9 120 12 145 15 162
5 142.25 142.25 85 9 106 12 121 14 136 15 158
6 190.25 190.25 58 8 82 10 96 13 122 16 145
7 188.25 188.25 75 8 99 10 109 12 129 14 154
8 153.50 153.50 68 8 96 12 109 13 128 15 141
9 168.00 167.75 78 7 91 11 111 15 123 16 140
10 173.00 173.00 75 8 97 10 108 13 125 15 136
11 178.00 178.00 66 8 84 10 102 13 122 15 136



























13 188.50 188.00 78 9 101 10 113 12 132 15 151
14 161.00 161.00 72 6 90 9 122 11 140 14 151
15 180.25 180.25 81 6 96 9 115 12 125 14 143
16 160.00 159.75 64 7 78 10 111 13 128 15 141
17 154.00 154.00 93 9 120 12 129 14 148 16 158
18 196.75 196.75 98 9 122 11 130 14 161 16 171
19 154.00 154.00 78 9 109 12 131 15 162 17 180
20 132.50 131.00 86 6 128 8 138 11 154 13 162
21 160.75 160.75 66 9 92 13 120 15 141 18 162
22 160.75 160.75 84 9 97 13 120 17 134 19 155
23 185.00 185.00 83 6 95 12 102 13 122 15 142



























90-100 Percent Relative Humidity














1 165.00 165.00 72 7 96 9 111 13 130 15 178
2 157.00 157.00 66 8 96 11 106 13 127 15 148
3 157.00 157.00 84 8 100 10 116 12 132 14 158
4 144.50 144.00 85 6 102 9 123 12 146 15 162
5 143.50 143.50 84 9 104 11 120 13 146 15 162
6 185.50 185.50 59 6 80 10 103 14 125 17 150
7 189.50 189.50 65 6 100 7 115 12 136 15 151
8 155.00 155.00 68 6 86 11 99 15 122 17 148
9 169.00 169.00 87 6 103 10 115 15 138 17 157
10 172.25 172.25 84 9 96 12 110 14 121 17 139
11 176.50 176.50 78 7 96 11 104 13 125 14 142



























Weight Rest I II . Ill IV
Subj ect Pre - Post HR RPE HR RPE HR RPE HR RPE HR
13 183.25 183.25 76 10 99 12 111 12 135 14 151
14 160.50 160.50 80 7 96 11 124 13 143 15 158
15 180.00 180.00 92 6 102 10 114 12 127 13 150
16 158.00 158.00 78 8 88 11 109 15 137 17 163
17 153.00 153.00 84 9 103 11 118 13 141 15 160
18 196.25 196.25 97 8 110 11 133 13 144 15 168
19 155.00 155.00 79 7 104 11 139 14 167 19 185
20 132.00 131.75 87 6 115 8 137 10 154 12 167
21 160.75 160.75 72 11 102 14 114 16 138 18 161
22 161.50 161.25 73 8 93 11 114 12 129 16 149
23 182.25 182.25 92 6 105 8 110 12 133 15 154
24 147.00 146.75 78 7 90 14 103 16 125 18 143
87
APPENDIX G
ANALYSIS OF VARIANCE MEANS FOR 





















































































































































































GROUP X WORK EFFECT
WORK N RPE HEART RATE
1 12 8.3 94.5
2 12 10.4 114.9
3 12 13.3 135.2
4 12 15.3 156.8
5 12 17.8 174.8
1 12 7.3 91.5
2 12 10.1 106.8
3 12 13.1 128.6
4 12 15.5 149.8
5 12 18.2 170.3
1 12 7.9 94.9
2 12 11.0 110.8
3 12 14.0 129.4
4 12 15.8 145.4
5 12 17.8 161.2
1 12 7.4 93.7
2 12 10.3 113.1
3 12 12.8 132.8
4 12 14.9 150.7
5 12 17.2 170.2
1 12 7.6 112.8
2 12 10.3 131.7
3 12 12.9 152.9
4 12 15.4 168.4
5 12 17.7 184.1
1 12 7.9 94.8
2 12 12.1 112.3
3 12 14.4 131.6
4 12 16.8 151.2
5 12 18.8 169.9
HUMIDITY X WORK EFFECT
)RK N RPE HEART RATE
1 24 7.6 94.7
2 24 10.4 113.6
3 24 13.3 133.6
4 24 15.7 151.7
5 24 17.9 166.5
1 24 8.0 98.0












































































)RK N RPE HEART RATE
3 24 13.5 135.4
4 24 15.5 152.5
5 24 17.8 169.7
1 24 7.6 98.5
2 24 10.7 115.3
3 24 13.4 136.2
4 24 15.7 156.9
5 24 18.0 179.0




)RK N RPE HEART RATE
1 4 8.8 90.5
2 4 10.8 114.2
3 4 13.8 135.0
4 4 15.8 151.5
5 4 17.8 165.8
1 4 8.8 94.5
2 4 10.8 116.5
3 4 13.5 136.8
4 4 15.5 157.3
5 4 17.8 174.3
1 4 7.2 98.5
2 4 9.8 114.0
3 4 12.5 133.8
4 4 14.8 161.5
5 4 17.8 184.5
1 4 7.0 86.3
2 4 9.5 102.5
3 4 12.8 124.8
4 4 15.5 147.3
5 4 18.3 163.8
1 4 8.3 95.8
2 4 11.0 108.8
3 4 13.0 128.8
4 4 15.0 149.5
5 4 17.5 170.8
1 4 6.8 92.5
2 4 9.8 109.3
3 4 13.5 132.3
4 4 16.0 152.8
5 4 18.8 176.3
1 4 7.3 91.5
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